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STRUCTURE AND METAMORPHISM AT TILLOTSON PEAK,
NORTH-CENTRAL VERMONT
Wallace A. Bothner and Jo Laird 
Department of Earth Sciences 
University of New Hampshire
Durham, NH 03824
We wish to dedicate this work to A. H. Chidester 
whose regional mapping of the Tillotson Peak area 
provided the basis for this detailed study.
PROLOGUE
The unique occurrence of glaucophane + epidote blueschist and of 
eclogite in the U. S. Appalachians hides among trees, nettles, and fems in the 
vicinity of Tillotson Peak, Vermont (fig. 1). One cannot see these rocks in 
roadcuts, or even in outcrops near roads. Consequently, this field trip will be 
different from most NEIGC trips. We will make traverses along two brooks 
and nearby trails and brush to see the range of rock types and their structural 
setting. If the foliage is anything like that when these rocks were stumbled 
upon in October, 1973, we should have a beautiful trip. If you come during 
the Spring or Summer, bring plenty of bug dope!
GEOLOGIC SETTING
Rocks in the vicinity of Tillotson Peak, Vermont, were mapped by 
Cady et al. (1963) in their study of the ultramafic rocks in northern Vermont.
These ultramafic rocks are within a N-S trending zone on the east limb of the 
Green Mountain anticlinorium (GMA) and other Grenville-age basement mas­
sifs farther south in the northern Appalachians. They are generally considered 
to be ophiolitic fragments emplaced during Taconian closure of the Iapetus 
Ocean (Doolan et al., 1982; Stanley et al., 1984). The largest exposure of 
ultramafic rocks is at Belvidere Mountain (Chidester et al., 1978; Gale, 1986), 
the southern margin of our geologic mapping.
Laird and Albee (1981a) discovered high-pressure facies series mafic 
schist within the Belvidere Mountain Amphibolite Member of the Hazens 
Notch Formation (nomenclature from Doll et al., 1961) at Tillotson Peak. 
Farther south and east of the GMA Laird and Albee (1981b) reported medium- 
high-pressure facies series mafic schist within the Hazens Notch, 
Ottauquechee, Stowe, and Pinney Hollow formations (fig. 1; Laird, this vol­
ume). West of the GMA Laird and Albee (1981b) and Laird (this volume) re­
ported medium-high-pressure facies series metamorphism in the Pinnacle
383
FIGURE 1. GEOLOGIC MAP OF THE TILLOTSON PEAK AND HAYSTACK MOUNTAIN AREA
LOCALITY 2
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Formation and medium-pressure facies series metamorphism in the Hazens 
Notch and Underhill formations.
Laird et al. (1984) reported a total fusion 40/39Ar glaucophane age of
46S+-6.4 Ma at Tillotson Peak and a total fusion 40/39Ar barroisite age of 
490 +-8.0 Ma at Belvidere Mountain. The glaucophane age is consistent with
other 40/39Ar total fusion and step-wise heating ages in northern Vermont and 
farther south in the northern Appalachians that indicate Taconian 
metamorphism at 465+-10 Ma (see Sutter et al., 1985 for a recent summary of 
isotopic data). Laird et al. (1984) suggested that the older age at Belvidere
Mountain may mean that these rocks were metamorphosed before being 
emplaced technically, consistent with the subsequent mapping of Gale (1986) 
where the dated mafic unit is interpreted as being fault-bounded.
As discussed by Cady et al. (1963) the structure of the Tillotson Peak
area is distinct in that E-W folds are preserved. These are not unique in the 
Taconian regions of Vermont nor in Grenville basement rocks, but they are 
unusual in that the dominant folds in Vermont are generally N-S. The reasons 
for these distinct orientations are speculative and include fold interference by 
yet undefined E-W graben structures in the underlying, presumably Grenville 
basement (Cady et al., 1963), oblique collision towards a relict failed arm (the 
Ottawa graben) or aulacogen (Doolan et al., 1982), and rotational fold- 
thrusting caused by large included masses (like the Belvidere ultramafic body, 
or seamounts; Bothner and Laird, 1986). A recent observation by Doolan 
(oral communication, 1987) that E-W folds seem always related to large 
ultramafic bodies in both the U. S. and Canadian Appalachians warrants 
further consideration.
To understand the structural setting of these high-pressure facies series 
rocks, we have mapped the Tillotson Peak area at a scale of 1:10,000 and have 
expanded earlier structural, petrologic, and isotopic studies to provide a basis 
for interpreting the tectonic history and evaluating the emplacement hypotheses
(Cady et al., 1963; Doolan et al., 1982; Stanley et al., 1984; Stanley and 
Ratcliffe, 1985) of this vestige of the Iapetus Ocean.
LITHOLOGIES
The Tillotson Peak area is composed primarily of mafic schist referred 
to as the Belvidere Mountain Amphibolite Member of the Hazens Notch 
Formation (Doll et al., 1961). The mafic rock that crops out along Traverse 1 
(Lockwood Brook and north, fig.l) is typically dark blue gray, fine- to medi­
um-grained, massive to schistose amphibolite with epidote + garnet porphy­
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roblasts + chlorite + titanite + magnetite + gold-colored sulfide. Phengitic 
muscovite, plagioclase, and quartz are not uncommon. Calcite and/or dolomite 
and paragonite occur locally. Three amphiboles are seen in thin section: 
glaucophane, barroisite, and actinolite (see section on metamorphism). 
Glaucophane is widespread in the Tillotson area; omphacite + garnet occur 
locally (Fig.l). Neither glaucophane nor omphacite is easily recognized in 
hand specimen, or in thin section for that matter, because they are generally
very pale lavender and pale green, respectively (due to low Fe3+ content).
Farther north, Cady et al. (1963) mapped another mafic unit that they 
distinguished as the amphibolite member of the Hazens Notch Formation. 
This rock will be seen on Traverse 2 (Eclogite Brook, fig. 1). We do not see 
any lithologic differences between these rocks and those previously mapped as 
the Belvidere Mountain Amphibolite. Our mapping shows that they are the 
same unit as foreseen by Cady et al. (1976, p. B-13), repeated by folding (and 
thus further ornamenting the "Trilobite"). Amphibolites mapped farther north 
than the Hazens Notch road (VT Route 58) contain neither glaucophane nor 
omphacite; garnet is replaced by chlorite.
Within the mafic rocks are interlayers of silver gray, medium-grained 
pelitic schist containing white mica + quartz + chlorite +- garnet +- plagio­
clase, and often glaucophane altered to a fine-grained symplectite. Both 
phengitic muscovite and paragonite occur. Chloritoid is rare. Some of these 
layers are thick enough to be mapped at a scale of 1:10,000 (fig.l). We will 
see infolded mafic and pelitic schists on both traverses.
The Hazens Notch Formation as defined by Cady et al. (1963) is typi­
cally brown-weathered, gray, medium-grained graphitic and non-graphitic 
schist with plagioclase porphyroblasts, white mica, quartz, chlorite, and gold- 
colored sulfide. Magnetite and polycrystalline quartz lenticles are common 
north and east of Tillotson Peak. In several places (eg., along the Long Trail 
between Tillotson Camp and Belvidere Mountain), the carbonaceous Hazens 
Notch Formation is distinctively black and orange weathered pelitic schist with 
white mica + quartz + plagioclase porphyroblasts + titanite + graphite. It has a 
strong C/S shear fabric and no obvious layering.
Cady et al. (1963) mapped "albite gneiss" at the contact of the Belvidere 
Mountain Amphibolite and the carbonaceous schist typical of much of the 
Hazens Notch Formation. This unit is massive to schistose and medium- 
grained with light gray plagioclase (probably all albite) + quartz + epidote +- 
garnet +- magnetite layers and green chlorite-rich layers. Piemontite occurs at 
Lockwood Brook and at several other nearly inaccessible areas (but on strike 
with the Lockwood occurrence). Chloritoid occurs on Traverse 2. We prefer
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not to use the term "gneiss” for this rock, inspite of its obvious compositional 
layering and frequent development of plagioclase porphyroblasts (in both 
felsic and pelitic layers), but rather a feldspathic metawacke. In most 
outcrops, the nature of the layers and the degree of deformation (excellent fold 
preservation) suggest that the layers represent original bedding.
Sparse layers of pelitic schist with knots of magnetite and quartz occur 
in Lockwood Brook at the beginning of Traverse 1 and also near Traverse 2. 
We wonder if these represent futile attempts at the formation of iron for­
mation. Similarly, garnet-rich layers commonly seen in some mafic rocks 
suggest coticules (Mn-rich coatings on original basalt or mafic tuff deposits).
Ultramafic rock crops out as isolated lenses along the contact of the 
Belvidere Mountain Amphibolite and the feldspathic metawacke in several 
localities. The rocks are generally strongly sheared and are composed pri­
marily of serpentine + talc + carbonate with knots of actinolite and chlorite. 
Little of the cross-fiber serpentine of the types observed in the Belvidere 
Mountain ultramafic body is present.
STRUCTURE
The Hazens Notch Slice of Stanley and Ratcliffe (1985) consists of 
mafic and pelitic schists and feldspathic metawacke of the Hazens Notch 
Formation, in and near its type locality at Hazens Notch (Cady et .al, 1963).
These rocks are multiply deformed. We recognize two clear folding episodes 
within the ‘Hazens Notch package and infer a third based on map pattern. 
Faulting within the Tillotson - Haystack region is locally important, but 
through-going faults have not been clearly established.
The dominant foliation, S i, is for most rocks a transposition surface
that is interpreted to parallel or closely parallel original lithologic layering and 
is axial planar to small isoclinal folds (Fi) variably preserved in mafic schists
and feldspathic metawacke. Presumed original layering (So) is locally 
preserved in the coarser feldspathic metawacke as 2 to 5 cm thick layers, 
some possibly graded, and as strong compositional layers of alternating garnet 
(the "coticules") and of amphibole in mafic rocks. S i is refolded about 
approximately east-west axes into nearly reclined mesoscopic, and inferred 
macroscopic folds, that produce the overall map pattern (F2 ). That pattern 
closely resembles Type 2 interference folds of Ramsay (1967). Outcrop-scale
mesoscopic nearly reclined folds are best represented by mafic schist along the 
southern contact of the mafic rocks comprising Tillotson Peak in and near 
Lockwood Brook, west of Haystack Peak on the ridge toward Burnt
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Mountain, and in feldspathic metawacke along the Long Trail approaching 
Haystack Peak from the south (fig. 1).
F3 is a broad, open macroscopic antiform, referred to by Cady et al. 
(1963) as the Gilmore anticline. No mesoscopic structures have been recog­
nized that can be directly tied to this regional fold. Its confirmation is sup­
ported by comparison of the trends and plunges of F2 -fold axes from the 
Lockwood Brook area to the south and the Eclogite Brook area to the north. 
Those data are presented as equal area plots in figures 4 and 5 and clearly 
show that the different orientations of the same structures from the Lockwood 
Brook area and the Eclogite Brook area are related by a simple north-trending 
regional fold.
S2 is a crenulation cleavage best developed in mafic schist and weakly 
developed in feldspathic metawacke. Pelitic schists occasionally contain this 
surface. It is approximately axial planar to F2 mesoscopic reclined folds. The 
intersection lineation (Lc) formed by this cleavage trends approximately 
parallel to reclined fold axes, but does show a spread that is consistent with 
later folding about a north-south axis as suggested above. Preferred orien­
tation of amphibole is often well-developed in mafic schists (Lm)- Mullion
structure is locally well developed in some of the feldspathic metawacke near 
contacts with mafic and ultramafic rock.
Contacts between mafic schist and feldspathic metawacke in the 
Tillotson afea are locally marked by discontinuous ultramafic bodies (Long 
Trail south of Tillotson Pond, Haystack Peak, and Eclogite Brook, for exam­
ple). Foliation is typically parallel. Contacts between mafic rock and inter­
calated pelitic schist are gradational within the Tillotson Peak - Haystack area 
and suggest original (but likely modified by internal shear during folding) 
layering. Strong C/S shear fabrics are observed most commonly in areas 
underlain by carbonaceous, orange-weathering pelitic schists of more typical 
Hazens Notch Formation south of the mafic mass that comprises Tillotson and 
the area including Hazens Notch. These rocks generally separate the areas 
dominantly underlain by mafic schist and feldspathic metawacke and appear to 
"confine" the distribution of glaucophane and omphacite bearing assemblages. 
We suggest that this unit marks the position of one or more faults, the full 
extent of which awaits further analysis.
The overall distribution of intercalated mafic and pelitic schist, felds­
pathic metawacke, and carbonaceous pelitic schist of the Tillotson - Haystack 
area confirms the general east-west structural form originally defined by the 
mapping of Cady et al. (1963). Several smaller ultramafic bodies have been
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recognized along the contact between mafic schist and "albite gneiss." A 
significant difference, however, is the recognition that Tillotson is underlain 
by a complexly refolded system rather than the simpler doubly plunging 
syncline of Cady et al (1963). In addition, tectonic contacts separate carbona­
ceous pelitic schist and feldspathic metawacke and separate feldspathic 
metawacke and mafic rock that dominate this region. The latter is marked by 
ultramafic slivers in several places. Mafic and pelitic rocks within the main 
mafic mass are intercalated, and die gradational contacts commonly separating 
them within single outcrops argue effectively that they were originally 
deposited together. Equally important is the observation that the feldspathic 
metawacke and intercalated mafic and pelitic schist record the same 
metamorphic history.
METAMORPHISM
Glaucophane is abundant in mafic, pelitic, and felsic rocks from the 
Long Trail between Lockwood and Eclogite brooks and east to North Road 
(fig.l). Mineral assemblages could have formed in equilibrium with different 
assemblages distinguishing differences in bulk rock composition (fig. 2A). 
Equilibrium is not attained on a thin section scale, however, and a record of 
the pressure-temperature path of many samples is nicely preserved.
At Lockwood Brook (Traverse 1) and several other localities barroisite 
is present only as inclusions in garnet and as cores of amphibole grains with 
actinolite rims (Laird and Albee, 1981a, Plate IB; Laird and Bothner, 1986, 
fig. B-6 ). Based on theoretical, empirical, and experimental considerations 
(Laird, 1986), this relationship implies a decrease in metamorphic temperature 
with time. The pressure must still have been reasonably high (>7 Kbar using 
fig. 11, Maruyama et al., 1986) as glaucophane appears to be stable with 
actinolite.
Later retrograde metamorphism caused alteration of glaucophane and 
omphacite to fine-grained symplectite (Laird and Albee, 1981a, Plate 1C). 
Garnet was altered to chlorite. This alteration is pervasive east of the Gilmore 
antiform and near Hazens Notch Road. Thin sections of samples from 
Traverse 2 shown this retrogradation.
Omphacite inclusions in garnet from Traverse 2 (E, fig. 2A) record in­
creasing pressure with increasing temperature. From garnet cores to rims 
tem perature-pressure estimates based on the garnet-clinopyroxene 
geothermometer and on isopleths of the reaction albite = jadeite + quartz (fig. 
3) are 380° C, 9.5 Kbar to 550° C, 12.5 Kbar. Garnet rims and omphacite 
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Kbar to 590° C, 13.5 Kbar. Omphacite + garnet asemblages from Traverse 1 
give 520° C, 12 Kbar to 540° C, 12.5 Kbar. A lower temperature is given by 
garnet and omphacite at W (fig. 1): 440° C, 10.5 Kbar to 500° C, 11.5 Kbar
(fig. 3). These data imply that the highest grade of metamorphism was per­
haps 50° C and 1 Kbar greater at Lockwood Brook than at W and at Eclogite 
Brook than at Lockwood Brook.
Pelitic schist intercalated with feldspathic metawacke west of Eclogite 
Brook within the same (or similar) coarse-grained epidote layer seen at 
Eclogite Brook is composed of muscovite + quartz + garnet + paragonite + 
glaucophane (altered to fine-grained symplectite) + chlorite + epidote. 
Chloritoid occurs as inclusions in garnet only. The minimum temperature of 
metamorphism given by the reaction chloritoid + albite = paragonite + garnet +
H2O is about 440° C at 10 Kbar (Ghent et al., 1987). Kyanite is not observed, 
indicating that the maximum temperature of metamorphism is less than that for 
the reaction chloritoid + quartz = kyanite + garnet + H2O (567° C at 10 Kbar; 
Ghent et al., 1987). Chloritoid pseudomorphed by white mica and garnet 
pseudomorophed by chlorite occur in metawacke seen on Traverse 2 (stop 8).
The pressure of metamorphism is constrained by the reation paragonite 
-1- chlorite = chloritoid + glaucophane. Brown and Forbes (1986, fig. 14) 
show this reaction at about 13 Kbar, 450° C and 15 Kbar, 550° C. If
chloritoid and glaucophane coexisted, the pressure of metamorphism was 
above this reaction and the metamorphism was similar to high-pressure 
metamorphism seen in the Sesia Zone, Italy, and the island of Sifnos, Greece 
(see the compilation of mineral assemblages by Brown and Forbes, 1986, fig. 
14 and references therein). If chloritoid and glaucophane were not stable, the 
pressure was below this reaction and the metamorphism was similar to that 
seen in the omphacite-zone metasedimentary rocks from New Caledonia
described by Ghent et al. (1987 and references therein). Glaucophane + 
chloritoid do coexist in pelitic schist from the Long Trail north of Tillotson 
Pond.
Within the errors caused by interpreting equilibrium mineral compo­
sitions in retrograded rock, by using mineral equilibria calculated for minerals 
of different composition from the Tillotson area (pelitic schist and metawacke) 
and by having to use experimental data obtained at much higher temperature 
and pressure (gamet-clinopyroxene geothermometer, mafic rocks), the mafic, 
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TEMPERATURE
FIGURE 3. Intersection of garnet - clinopyroxene geotermometer 
of Ellis and Green (1979) and isopleths on the albite = 
jadeite + quartz geobarometer of Holland (1979, 1980). Arrow 
for Eclogite Brook is based on coexisting compostitions obtained 
by electron microprobe analysis of omphacite included in garnet 
and of omphacite outside of, but adjacent to, garnet.
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West of Hazens Notch and Tillotson in structurally higher rocks glau- 
cophane is rare and amphibole is generally actinolite. Omphacite has not been 
observed. The presence of actinolite rather than barroisite or glaucophane in 
amphibole + chlorite + epidote + plagioclase + quartz schist indicates lower 
grade metamorphism from rocks to the east. Figure 2B shows that the mafic 
assemblage from Calavale Brook (fig. 1) could form by the breadown of 
glaucophane or barroisite.
SPECULATIONS AND ARM-WAVING
Taconian high-pressure facies series mineral assemblages in mafic and 
pelitic schists and metawackes of the Hazens Notch Formaton are preserved 
in a very restricted area between Tillotson Peak and Hazens Notch. Early 
isoclinal folding (F]) appears to correlate with the development of glauco­
phane + omphacite + barroisite (often in cores of garnet) in rocks of appro­
priate composition and record increasing P suggestive of crystallization in the
down-going slab. A geothermal gradient estimate of 12 -14° C/km (fig. 3) is 
consistent with Newton's (1986) estimates for Paleozoic, Mesozoic, and 
Cenozoic subduction environments. Nearly reclined folding (F2 ), largely re­
sponsible for an unusual Type 2 fold interference map pattern, postdates Fl 
(by how much is unresolved, but probably not long) and correlates with the 
development of glaucophane + actinolite in the same rocks.
Rapid ascent at least through the v500° C isotherm (to prevent complete
retrogradation of glaucophane and omphacite) probably along west directed 
thrusts are inferred to occur within the Hazens Notch Slice in this area. The 
apparent replacement of high-pressure facies assemblages by medium-high 
(and lower) pressure facies series assemblages to the north and west of 
Hazens Notch and south of Tillotson Peak (including Belvidere Mountain) 
may reflect in part those emplacement surfaces (stongly sheared, carbonaceous 
pelitic schists). Alteration may also be related to the formation of the Gilmore 
antiform (F3) and to structurally higher positions to the west.
The origin of the east-west folds within the Hazens Notch Slice remains 
a delightful puzzle. Consideration of the various published hypotheses 
reviewed earlier in this manuscript leads us to favor the involvement of an 
irregular western Iapetan shelf edge underlain by Grenville basement during 
the final stages of Taconian closure.
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Assembly points: (a) Entrance to Elmore State Park, on Vermont Route 
12, Elmore, Vermont at 8:30 am and/or (b) Eden General Store at the inter­
section of Vermont Route 100 and North Road at 9 am. Topographic maps: 
Jay Peak 15' or Lowell 7.5' quadrangles.
a
Mileage
0.0 Eden General Store, intersection of Route 100 and North Road
Take North Road.
1.7 View of Belvidere Mountain, Eden and Belvidere asbestos
dumps to the west. Chidester et al. (1978) present detailed 
maps and discussion of this ultramafic body. Gale (1986) 
presents alternative arguments for the emplacement of this 
body and associated mafic and pelitic rocks.
3.7 Entrance to the Belvidere Mountain asbestos mine (Vermont
Asbestos Group, VAG). Dumb and open pit are obvious. 
Belvidere Mountain amphibolite is exposed beneath the fire
tower (490+-8 Ma, Laird et al., 1984).
5.2 Dirt road (driveway) to the left (west) to the base of the
Frank Post Trail.
5.7 Park beyond Jack Stark's house on the old logging road
heading north. The trail head west initially parallels 
Lockwood Brook. Follow the hike to Tillotson Camp and 
bring your lunch.
LOCALITY 1 - LOCKWOOD BROOK TRAVERSE
Beginning at an elevation o f -1370 f t , follow the Frank Post Trail (blue 
blaze) initially NW along an old logging road. The hike to the first outcrop 
will take about an hour. Above about 2000' outcrop is very good. The pace 
and compass map in Figure 4 will help locate several numbered crops dis­
cussed below in Lockwood Brook, in the Frank Post Trail, at Tillotson Camp, 
and along the Long Trail.
Approximate distance from base and elevation (in feet)
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STIPPLED: Mafic schist with
local thin pelitic schist
UNPATTERENED: Undifferentiated
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500 (-1410') Fork in trail. Keep right, away from the brook; follow the
blue blaze.
2950 (-1650') Trail intersects and crosses a small brook.
6235 (-2000') Large tree across trail.
Continue uphill on Frank Post Trail and take either Route A or Route B 
to Lockwood Brook. The routes are marked for this trip.
6780 (-2100') Route A. The trail reaches a fairly open, flat area at the base of
a steep section of trail. There is a small drainage coming in from the north. 
Two downed trees may still be apparent. A rock in the trail is marked by two 
arrows pointed SW. Proceed into the woods -S20W , 330' to Lockwood
Brook at the base of STOP 1
7030 (-2150') Route B. A rock with a blue blaze in the trail is marked with 
an arrow pointing SW and labeled 84-10. Proceed into the woods about 100' 
-S20W  to Lockwood Brook near the top of STOP 1
STOP 1. (-2030') Continuous outcrop in stream for about 300'. Rock is
usually very slippery.
The rock is primarily gray-brown weathered, bluish gray-green, well 
layered (< 1 cm to - 1 0  cm), massive to foliated, fine- to medium-grained am­
phibolite composed of amphibole + carbonate + chlorite + epidote + garnet + 
plagioclase + titanite + phengite + magnetite + apatite +- omphacite +- pyrite +- 
chalcopyrite. Representative mineral analyses are given in Laird and Albee 
(1981a, ABM100) and Laird and Bothner (1986, Table B-3A). Glaucophane
occurs in most samples and is commonly pseudomorphed by a fine-grained 
symplectite composed of chlorite + plagioclase + white mica + calcic 
amphibole. Omphacite occurs locally (eg., 25' up from the base of the 
exposure and at the top of the falls and is also pseudomorphed by a fine­
grained symplectite.
Also present at this outcrop are minor pelitic layers. A 35 cm thick layer 
near the bottom of this outcrop contains garnet porphyroblasts up to a cm 
across. Above this layer is a -4 0  cm thick layer of phengite + quartz + garnet
+ chlorite + titanite + magnetite + apatite +- glaucophane schist with black, 
pod-like masses flattened in the plane of foliation. These pods (clasts?) are 
composed primarily of magnetite + quartz + plagioclase and may represent




Multiple periods of mineral growth and of deformation are nicely shown 
in this outcrop. Zoned amphibole with barroisite cores overgrown by rims 
zoned outward from actinolite to actinolitic hornblende record a decrease in 
temperature followed by an increase in temperature of metamorphism. If 
omphacite formed at the same time as barroisite, the first period of 
metamorphism is estimated to have occurred at about 500°C and 11 kbar based 
on garnet - pyroxene geothermometry and isopleths on the reaction albite = 
jadeite + quartz (Fig. 3). The compositions of barroisite and glaucophane 
and of actinolite and glaucophane may define miscibility gaps. One sample of 
pelitic schist contains inclusions of glaucophane within garnet. Fine-grained 
pseudomorphs may thus be after glaucophane. Alternatively, these 
pseudomorphs may have replaced barroisite, perhaps explaining why 
discontinuously zoned garnets in this sample have Ca-richer rims than core.
Over this nearly continuous outcrop, layering attitudes remain fairly 
constant. Early Fl isoclinal folds occur locally on surfaces normal to layering. 
Warps in the mineral lineated main foliation are related to mesoscopic F2 re­
clined folds. At the top of STOP 1 layering in mafic schist is locally discor­
dant, a feature noted at several other places in the region, that may be in­
terpreted as a premetamorphic fault or an originally cross-cutting relationship.
Continue upstream: at -2230', about 200' from the top of the falls at 
STOP 1 and -100 ' SW of the brook, is an outcrop of layered, schistose felds­
pathic metawacke composed of albite + quartz + chlorite + epidote + white 
mica + magnetite + biotite with probable pseudomorphs of glaucophane. 
Darker colored layers are more chlorite rich, commonly with better developed 
S2 crenulation cleavage than the more felsic layers. The trace of this contact, 
not exposed here, is marked farther upslope and on the Long Trail by an 
ultramafic sliver (STOP 6) that suggests a fault.
STOP 2 (-2400', about 800' from the top of the falls at STOP 1). Well
exposed contact between mafic and pelitic rocks. Series of outcrops in brook 
of infolded steel blue-gray, massive, fine-grained amphibolite and orange- 
brown weathered, dark gray pelitic schist. Mafic layers include the 
assemblages: glaucophane + carbonate + chlorite + epdiote + garnet + quartz 
and actinolite + glaucophane + epidote + garnet + quartz + titanite +- chorite, 
carbonate, and gold-colored sulfides. Pelitic layers contain white mica + garnet 
+ quartz + glaucophane + titanite +- chlorite, carbonate, tourmaline, and 
epidoite.
The contact between mafic and pelitic schist from here upstream is 
everywhere parallel and assumed conformable. This pelitic schist is commonly 
intercalated with the mafic schists and is more or less traceable around
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Peak (Fig. 1). Both rock types are folded about F2 (~EW, see Fig. ) whose 
nearly reclined character is apparent at this stop.
Return to Frank Post Trail via a side drainage ('170', 'N20E) in which 
brown-weathered, sheared amphibolite is exposed. Follow the trail to about
2480’.
STOP 3 (-2480’) Several outcrops of brown-weathered, gray-green, medi­
um- to coarse-grained, massive to schistose amphibolite composed of amphi­
bole, garnet, epidote, titanite, quartz, chlorite, and, locally, glaucophane. 
Amphibole is distinctly coarser grained than seen at STOPS 1 and 2. It is 
generally zoned with magnesio-homblende cores and actinolite rims (F, fig. 
2A). Compositions are similar to zoned amphibole seen in the tributary above 
STOP 2, but amphibole and chlorite are more Mg-rich and glaucophane, white 
mica, and magnetite are less abundant.
Several mesoscopic F2 folds are exposed in the ledges 100-200* NE of 
the trail that support the presence of a macroscopic WNW-plunging, ap­
proximately reclined fold (see Fig. 4). Crops here occur on the "upper" limb. 
On to Tillotson Camp. We will try to point out two key outcrops within about 
300' of the camp where the Post Trail crosses small ledge-bounded tributaries. 
At the first "crossing", well-preserved (though weathered) F i isoclinal folds
are refolded about broad open warps on the upper limb of an F2 fold. Please
use a camera, instead of a hammer. At the second, intercalated mafic, pelitic, 
and an unusual green, coarse-grained, crenulated chlorite schist are exposed.
STOP 4 Tillotson Camp (2560'; MAGNIFICENT VIEW AND SOME FINE 
SITTING SPOTS FOR LUNCH HERE OR AT THE POND). Outcrops at
Tillotson Camp are gray weathered, medium-grained glaucophane + 
calcic/sodic-calcic amphibole + epidote + garnet + white mica + titanite + 
quartz + apatite +- carbonate +- plagioclase schist. The rock is well foliated 
and contains well developed S2 crenulation cleavage. Early F i isoclinal folds 
are exposed on the east facing joint surface below the camp. Because this
outcrop is right on the camp site, PLEASE DO NOT SAMPLE IT. The same
mineral assemblages occur at previous stops and in other outcrops in the 
immediate vicinity.
Join the Long Trail "behind" the camp (near the "facilities", if needed) 
and walk southwesterly roughly along the upper reaches of Lockwood Brook 





STOP 5 Tillotson Pond. Cross over (with some care) an occasionally precari­
ous beaver dam to small but important pavement outcrops on the east shore of 
the pond. Light gray weathering, strongly lineated schistose amphibolite 
containing glaucophane + epdiote + garnet + chlorite + titanite + pyrite is in­
tercalated with silvery pelitic schist and thin pale pink layers with fine-grained 
garnet. Pink garnet layers are considered good examples of coticules and may 
represent metamorphosed Mn-chert. S i dips shallowly to the west; west 
plunging minor F2 folds "decorate" the pavement outcrop. No hammers 
please.
An outcrop hiding in the brush contains epidote + glaucophane + om­
phacite + quartz + dolomite + calcite + titanite + magnetite + apatite + chal­
copyrite (P, fig. 2A).
Time and interest permitting, we will continue another 1000' or so south 
along the Long Trail towards Belvidere Mountain across a number of small 
crops of intercalated mafic and pelitic schist until a small crop of serpentinized 
ultramafic is reached (thanks in large measure to the loss of a large tree).
STOP 6 The ultramafic marks the contact between the Tillotson "mafic mass" 
and coarse, frequently well-layered felsic metawacke. The ultramafic is 
typically light brown-gray weathering, bluish-black calcareous serpentinite and 
is strongly sheared. To the north gray-brown weathered, blue-gray medium- 
grained porphyroblastic garnet amphibolite with glaucophane +- omphacite 
crops out. The garnets, some 1 cm across, contain glaucophane inclusions. 
"Structurally above" the ultramafic (to the south) medium- to coarse-grained, 
layered feldspathic metawacke (quartz + plagioclase + white mica + chlorite + 
epidote + piemontite + biotite + magnetite + apatite) is in contact with the 
serpentinite. The north-facing surface of this crop can be followed 50 - 60 feet 
along strike to the west where actinolite knots up to 25 cm across and irregular 
crinkled actinolite + chlorite-rich folded layers occur. We interpret this surface 
as a fault.
Return to Tillotson Camp and follow the Frank Post Trail to the vehi­
cles.
6.2 Intersection of Stark driveway and North Road. Turn left
(north)
9.7 Intersection North Road and Vermont Route 58, Hazens Notch
Road. Turn left (west) toward Hazens Notch. Several dirt 
roads will join from the northside stay on Route 58
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13.4 Turn left on logging road, just (0.05 miles) east of the Lowell/
Westfield town line and a road to the north to McAlllister 
Pond.
13.55 Park somewhere in the "staging area" at the end of the road
LOCALITY 2 -  ECLOGITE BROOK TRAVERSE
Figure 5 is a pace and compass map of the Eclogite Brook locality 
(informal usage, and unlikely to be adopted by local residents). We will fol­
low the main haulage road to examine recently exhumed pavement outcrops of 
intercalated mafic and pelitic schists (some with large, abundant epidote 
porphryoblasts) and feldspathic metawacke, then follow the brook to see 
sheared ultramafic rock at the contact with mafic and pelitic schists, and finally 
layered (in a small stream outcrop) eclogite intercalated with porphyroblastic 
garnet pelitic schist.
STOP 7 (-1000' up the logging road, elevation '1710') Base of nearly 200'
continuous pavement consists of intercalated brown-gray weathered, medium- 
to coarse-grained quartz + plagioclase + garnet + gold-colored sulfide schist, 
with abundant quartz veins, and dark green chlorite-rich layers that are tightly 
folded. Garnet is altered to chlorite. Shallow dipping, isolated boudin-like 
masses (canoes) of thinnly layered mafic schist occur within this rock. Epidote 
knots 5 -15 cm long parallel S i .  The mafic layers are generally brown
weathered, blue-gray, fine- grained, massive to weakly layered with abundant 
magnetite euhedra. A coarse-grained layer composed primarily of epidote and 
amphibole poses the question of a layered mafic intrusion as possible protolith, 
but there remains no obvious discontinuity. The amphibole is barroisite with 
altered cores of probable glaucophane. Coarsely crystalline epidote-rich rock 
(J, fig. 1) is also exposed just east of the Haystack and is considered 
correlative with the rock here.
STOP 8 ('1370', elevation '1775'; about 100' along a due west stretch of the 
road) Blasted "roadcut" and pavement crop of brown-gray weathered, light 
gray, medium-grained white mica + porphyroblastic plagioclase + quartz + 
chloritoid (in thin section) schist with garnet porphyroblasts partially altered to 
chlorite. Early layering (So?) is neutrally folded and cut by clear AP cleavage, 
which we interpret here as S l because of its parallelism with the contacts with 
nearby mafic rocks. Plunges to the east and northeast are common in this area. 
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distance to the northeast in the woods and are correlated with the reclined folds 
at locality 1.
The contact with very fine-grained, mafic schist with small quartz pods 
and very thin (<5mm) light green epidote layers (laminations?) occurs in the 
logging road about 20' to the west. The foliation in both units is parallel. This 
unit is traceable along strike into Eclogite Brook.
At the crest of the road, where a less obvious skidder trail enters from 
the north, is an outcrop of thinnly layered, massive mafic schist with a series 
of climbing small-scale F2 folds that have a mullion-like appearance. 
Crenulation cleavage intersections define lineation that is subhorizontal and 
parallel to the northeast-trending fold axes. Thin epidote-rich layers enhance 
the layering character of this rock. Garnets are sparse in some areas but may
be concentrated in thin layers suggestive of coticules.
$
Continue along the main road to the stream. Head downstream about
300’
STOP 9 (elevation -1810') Intercalated mafic and pelitic schists in the main
drainage are broadly warped about northeast-trending and shallowly plunging 
F2  axes (see Fig. 5). These rocks contain the same assemblages as those 
exposed at STOPS 7 and 8 .
Along a small distributary to the south is exposed strongly sheared 
talcose serpentinite that occurs approximately along the contact with the in­
tercalated pelitic and mafic schists and more massive feldspathic metawacke 
exposed downstream. The serpentinite marks a similar fault boundary to that 
exposed on the Long Trail south of Tillotson Pond.
Return to the main haulage road (upstream) and either continue upstream 
along the stream or follow that logging road approximately parallel to the 
stream for about 800'. A red flag marks a turn north to the stream and the 
eclogite outcrop. Crops in the stream of dominantly mafic schist with some 
intercalated garnet and nongam et bearing pelitic schist are infolded. 
Schistosity is folded about gentle east-plunging F2 axes. A late right-lateral
fault offsets mafic and pelitic layers by about a meter.
STOP 10 (elevation ' 1920’) Small outcrops of type C eclogite and porphy-
roblastic garnet pelitic schist. Brown weathered, silvery-gray, medium-grained 
pelitic schist with garnet porphyroblasts 1 to 1.5 cm across crops out on the 
south side of the stream. In thin section, garnets are rotated and contain 
inclusions of probable glaucophane. Foliation surfaces are coarsely crenulated 




The dark gray-green to brown weathered, dark blue-gray, well-layered, 
medium-grained amphibole + garnet + white mica + omphacite schist provides 
important information on the pressure-temperature path of this rock (see 
metamorphism section). Omphacite occurs in thin green layers adjacent to 
garnet rich layers. Garnets are choked with inclusions of epidote, titanite, and 
omphacite.
The contact between the pelitic schist and eclogite is covered by about a 
meter of stream debris. The foliation in the two is, however, parallel and we 
consider this to be a conformable contact. To the south the pelitic schist is 
intercalated with mafic schist. To the north sparse outcrops of mafic rock 
occur, with one small "skidder crop" of ultramafic between the last occurence 
of mafic and die first occurence of pelitic schist, a relationship not unlike that at 
STOP 9, or at STOP 6 earlier in the day.
The easiest route back to the vehicles is about a 100' jaunt to the south 
where we intersect the main haulage road, and head downhill. A few crops of 
folded mafic schist occur in the "trail."
Leave the parking area, turn right (east) onto Hazens Notch Road (Route 
58) to the center of Lowell and Route 100 or left (west), through the Notch, 
and to Montgomery Center. From there, you're on your own. Have a safe 
trip home.
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